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POWER OUTPUT APPARATUS AND CONTROL METHOD THEREOF 



INCORPORATION BY REFERENCE 
The disclosure of Japanese Patent Application No. 2000-048516 filed on 
February 25, 2000 including the specification, drawings and abstract is incorporated 
5 herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

The invention relates in general to a power output apparatus and a control 
method of the apparatus, and more particularly to a power output apparatus that is 
10 capable of generating power at least from an electric motor to a drive shaft, and a 
control method of the apparatus. 

2. Description of Related Art 

A known example of the above type of power output apparatus is disclosed 
in Japanese Patent Laid-Open Publication No. HEI 9-58295. The disclosed power 

15 output apparatus provides two or more torque patterns of an electric motor, from 
which one torque pattern is selected for driving the electric motor in a controlled 
manner. The power output apparatus is constructed such that power can be generated 
from an internal combustion engine and the electric motor to the drive shaft. The 
electric motor is operable to produce torque when the torque produced by the engine 

20 is insufficient, so as to achieve a currently required torque. More specifically, the 
power output apparatus stores two or more torque patterns, each of which indicates 
the output torque of the electric motor in percentage in relation to the accelerator 
position (i.e., an operation amount of the accelerator pedal), and drives the electric 
motor in a controlled manner by selecting one of the torque patterns. 

25 However, the known power output apparatus does not take account of 

matching or balance between the output characteristics of the engine and those of the 
electric motor, and thus may not be able to exhibit appropriate or desired output 
characteristics. In particular, the known apparatus does not take energy efficiency 
into consideration, and therefore may exhibit poor energy efficiency depending upon 

30 the selected pattern. 



SUMMARY OF THR INVENTION 

It is an object of the invention to provide a power output apparatus capable of 
changing its output characteristics, and a control method thereof. 

It is another object of the invention to provide a power output apparatus that 
assures enhanced driveability experienced by the driver, and a control method thereof. 

It is yet another object of the invention to provide a power output apparatus 
that exhibits improved energy efficiency, and a control method thereof. 

To accomplish the above and other objects, a first aspect of the present 
invention provides a power output apparatus operable to generate power from at least 
an electric motor to a drive shaft, which includes a pattern storing unit, a pattern 
selecting unit and a drive controller. The pattern storing unit stores a plurality of 
output characteristic patterns in which power is generated to the drive shaft, and a 
pattern selecting unit selects one of the output characteristic patterns stored in the 
pattern storing unit. The drive controller controls driving of at least the electric motor 
so that power that is within a range of the selected output characteristic pattern is 
generated to the drive shaft. 

In the power output apparatus according to the first aspect of the invention, 
when the pattern selecting unit selects one from the plurality of output characteristic 
patterns of power generated to the drive shaft, the drive controller is operable to 
control driving of at least the electric motor so that power, as represented by the 
selected output characteristic pattern, is generated to the drive shaft. This makes it 
possible to cause the power output apparatus to generate power using a desired output 
characteristic pattern, thus assuring improved driveability experienced by the 
operator. 

The power output apparatus according to the first aspect of the invention may 
further include an internal combustion engine operable to generate additional power 
to the drive shaft. In this case, the above-indicated drive controller controls driving of 
both the electric motor and the engine. Thus, the power as represented by the selected 
output characteristic pattern can be generated by controlling driving of the electric 
motor and the engine. 

According to a second aspect of the invention, there is provided a power 
output apparatus operable to generate power from at least an electric motor to a drive 
shaft, which includes a command generating unit and a drive controller. The 



command generating unit generates a command to drive the electric motor with a 
driving characteristic that exceeds a rated value of the driving characteristic of the 
electric motor, and the drive controller controls driving of the electric motor. The 
drive controller is operable, in response to the command from the command 
generating unit, to control driving of the electric motor with the driving characteristic 
that exceeds the rated value for a limited period of time. 

In the apparatus according to the second aspect of the invention, when a 
command to drive the electric motor with a driving characteristic that exceeds its 
rated value is generated, the drive controller operates to drive the motor with the 
driving characteristic exceeding the rated value, but for a limited period of time. 
Thus, the apparatus makes further use of the performance of the electric motor. 

According to a third aspect of the invention, there is provided a control 
method of a power output apparatus operable to generate power from at least an 
electric motor to a drive shaft, comprising the steps of: (a) selecting one from a 
plurality of output characteristic patterns in which power is generated to the drive 
shaft; and (b) controlling driving of at least the electric motor so that power that is 
within a range of the selected output characteristic pattern is generated to the drive 
shaft. This control method makes it possible to generate power from the power output 
apparatus, using a desired output characteristic pattern, thus assuring improved 
driveability experienced by the operator. 

According to a fourth aspect of the invention, there is provided a control 
method of a power output apparatus operable to generate power from at least an 
electric motor to a drive shaft, comprising the steps of: (a) generating a command to 
drive the electric motor with a driving characteristic that exceeds a rated value of the 
driving characteristic of the electric motor; and (b) controlling, in response to the 
command, driving of the electric motor with the driving characteristic that exceeds the 
rated value for a limited period of time. With this method, the power output apparatus 
is able to make further use of the performance of the electric motor. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic diagram illustrating a power output apparatus according 
to a preferred embodiment of the invention, which apparatus is installed in an 
automotive vehicle; 
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Fig. 2 is a flowchart showing a power control routine executed by an 
electronic control unit of the power output apparatus of Fig. 1; 

Fig. 3 is a graph showing an example of a map representing a relationship 
between required torque Tr and accelerator position AP; 
5 Fig. 4 is a flowchart showing a torque map selecting sub-routine executed by 

the electronic control unit of the power output apparatus of Fig. 1; 

Fig. 5 is a graphical representation of an example of a normal-driving torque 

map; 

Fig. 6 is a graphical representation of an example of an urban-driving torque 

10 map; 

Fig. 7 is a graphical representation of an example of a rural-driving torque 

map; 

Fig. 8 is a graph useful for explaining the manner of changing a firing start 
point of the engine of the power output apparatus of Fig. 1; 
15 Fig. 9 is a flowchart showing a dash determining sub-routine executed by the 

electronic control unit of the power output apparatus of Fig. 1; 

Fig. 10 is a graphical representation of an example of a relationship between 
a rated output of an electric motor and an output thereof which may exceed the rated 
output only for a short period of time; and 
20 Fig. 1 1 is a graphical representation of an example of a dash-mode urban- 

driving torque map. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 
A presently preferred embodiment of the invention will be described with 
reference to the accompanying drawings. Fig. 1 schematically shows a power output 
25 apparatus 20 according to the preferred embodiment of the invention, which apparatus 
is installed in a vehicle. The power output apparatus 20 includes an engine 30 having 
a crankshaft 32, a motor 40 having a rotary shaft 42, and an automatic transmission 50 
adapted to transmit the rotational motion of the rotary shaft 42 to a drive shaft 54 at a 
suitable speed ratio. The rotary shaft 42 of the motor 40 is connected to the 
30 crankshaft 32 of the engine 30 via a clutch 38. The apparatus 20 also includes an 
electronic control unit 60 for controlling the whole apparatus 20. 

The engine 30, which is an internal combustion engine driven by a fuel such 
as gasoline, operates under control of an engine-controlling electronic control unit 36 



(hereinafter referred to as an "engine ECU"). The engine ECU 36 includes a 
microprocessor including a central processing unit (CPU) as a main component (not 
shown). The engine ECU 36 receives output signals from various sensors relating to 
operating conditions of the engine 30, for example, an engine speed sensor 34 for 
detecting an engine speed Ne and a temperature sensor (not shown) for detecting an 
engine temperature. The engine ECU 36 controls the operation of the engine 30, 
more specifically, controls the fuel injection amount, flow rate of intake air and other 
parameters, on the basis of the received signals, so that the engine 30 generates power 
in accordance with a command from the electronic control unit 60. 

The motor 40 is preferably a synchronous motor/generator that operates not 
only as an electric motor but also as an electric generator. The operation of the motor 
40 is controlled by a motor-controlling electronic control unit 48 (hereinafter referred 
to as a "motor ECU"). The motor ECU 48 includes a microprocessor incorporating a 
central processing unit (CPU) as a main component (not shown). The motor ECU 48 
receives output signals from various sensors relating to operating conditions of the 
motor 40, for example, a motor ammeter (not shown) for detecting an electric current 
applied to the motor 40, a temperature sensor 49 for detecting a motor temperature, 
and a motor speed sensor 47 for detecting a motor speed Nm. The motor ECU 48 
controls the operation of the motor, more specifically, controls the current and voltage 
applied to the motor 40 on the basis of the received signals, so that the motor 40 
generates power in accordance with a command from the electronic control unit 60. 
In this embodiment, the motor 40 supplies and receives electric power to and from a 
battery 46 via an inverter circuit 44. With this arrangement, the motor ECU 48 
controls the motor 40 by selectively turning on and off six switching elements 
included in the inverter circuit 44. 

The automatic transmission 50 generally includes a hydraulic torque 
converter, and a transmission including a plurality of planetary gear sets that provide 
multiple forward-drive gear positions, preferably five, and one backward-drive gear 
position. The automatic transmission 50 is driven under control of an AT-controlling 
electronic control unit 52 (hereinafter referred to as "ATECU"). The ATECU 52 
includes a microprocessor incorporating a central processing unit (CPU) as a main 
component (not shown). The ATECU 52 receives signals from various sensors for 
detecting operating conditions of the automatic transmission 50, and operates to 
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change or control the gear position of the automatic transmission 50 on the basis of 
the received signals. The gear position is changed by controlling a hydraulic circuit 
of the automatic transmission 50, more specifically, by selectively engaging or 
releasing a plurality of hydraulically operated clutches and brakes which are included 

5 in the hydraulic circuit. 

Power generated by the engine 30 and the motor 40 in the above manner is 
transmitted to the drive shaft 54 via the automatic transmission 50 at a suitable speed 
ratio, and is finally output to the drive wheels 58, 59 via a differential gear device 56. 
The electronic control unit 60 may be a microprocessor including a central 

10 processing unit (CPU) 62 as a main component, a ROM 64 for storing processing 
programs, a RAM 66 for temporarily storing data, an input/output port (not shown) 
and a communication port (not shown). The electronic control unit 60 receives 
various kinds of input signals via the input port. These input signals include an 
accelerator position AP received from an accelerator-position sensor 72 attached to an 

15 accelerator pedal 70, a mode signal received from a mode selector switch 74 disposed 
in the vicinity of a driver's seat for selecting a desired driving mode, an ON/OFF 
signal received from a dash switch 76 for generating a command to produce high 
torque only for a short period of time, and a speed of rotation (rotation speed) Nd of 
the drive shaft received from a drive shaft speed sensor 78 attached to the drive shaft 

20 54, for example. The electronic control unit 60 generates, through an output port, a 

drive signal to a mode display panel 80 disposed in front of the driver for displaying a 
selected driving mode, an illuminating signal to a dash indicator 82 indicating 
whether the vehicle is able to dash or not, and other signals. The electronic control 
unit 60 communicates with the engine ECU 36, the motor ECU 48 and the ATECU 52 

25 via the communication port. 

Operation of the power output apparatus 20, especially the manner of 
controlling power generated by the apparatus, will be now described. The flowchart 
of Fig. 2 illustrates an example of a power control routine to be executed by the 
electronic control unit 60 of the power output apparatus 20 of the present 

30 embodiment. The power control routine is repeatedly executed at predetermined 
time intervals (e.g., every 8 msec.) once the power output apparatus 20 is started. 

Upon the start of the power control routine, the CPU 62 of the electronic 
control unit 60 executes step SI 00 to read an accelerator position AP detected by the 



accelerator position sensor 72, a rotation speed of the drive shaft Nd detected by the 
drive shaft speed sensor 78, a motor speed Nm detected by the motor speed sensor 47, 
and an engine speed Ne detected by the engine speed sensor 34. Step S102 is then 
executed to calculate a required torque Tr currently desired by the driver, based on the 
accelerator position AP read in step S100. The accelerator position AP represents an 
amount of depression of the accelerator pedal 70 by the driver. Since the depression 
amount of the accelerator pedal 70 represents the torque currently demanded by the 
driver, the required torque Tr can be calculated on the basis of the detected accelerator 
position AP. In the present embodiment, a map representing the relationship between 
the accelerator position AP and the required torque Tr as shown in Fig. 3 by way of 
example is stored in advance in the ROM 64. Upon receipt of an accelerator position 
AP, the CPU 62 obtains a required torque Tr corresponding to the received accelerator 
position AP from the map stored in the ROM 64. 

Step S 104 is then executed to calculate required power Pr by multiplying the 
obtained required torque Tr by the rotation speed Nd of the drive shaft. In step SI 06, 
the obtained required power Pr is divided by the motor speed Nm to obtain a torque T 
of the rotary shaft 42 of the motor 40. Although the power transmission efficiency of 
the automatic transmission 50 needs to be taken into consideration for actual 
calculation of the torque T based on the required power Pr, the efficiency is assumed 
to be 100% in this embodiment for the sake of simplicity of the explanation. 

Step SI 08 is then executed to read an ON/OFF signal from the dash switch 
76. At step SI 10 it is determined whether the dash switch 76 is ON. Control to be 
performed when the dash switch 76 is ON will be described later. 

If step SI 10 determines that the dash switch 76 is OFF, the control flow 
proceeds to step SI 12 to select a suitable torque map that indicates torque to be 
applied to the drive shaft 54, by executing a torque map selection sub-routine as 
illustrated in the flowchart of Fig. 4 by way of example. Upon execution of the torque 
map selection sub-routine, the CPU 62 of the electronic control unit 60 initially 
executes step S200 to read a mode signal from the mode selector switch 74 which is 
manually operable by the driver, and proceeds to step S202 to determine which 
driving mode is currently selected. In a preferred embodiment, the driver is supposed 
to operate the mode selector switch 74 to select an appropriate one from three driving 
modes, namely, normal-driving mode, urban-driving mode and rural-driving mode. If 
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the normal-driving mode is currently selected, the control flow proceeds to step S204 
to select a normal-driving torque map, and then proceeds to step S206 to illuminate a 
location on the display panel 80 which corresponds to the normal-driving mode. If 
the urban-driving mode is currently selected, the control flow proceeds to step S214 to 
select an urban-driving torque map, and then proceeds to step S216 to illuminate a 
location on the display panel 80 which corresponds to the urban-driving mode. 
Likewise, if the rural-driving mode is currently selected, a rural-driving torque map is 
selected in step S224, and a location corresponding to the rural-driving mode is 
illuminated on the display panel 80 in step S226. This routine is terminated after 
executing any one of steps S206, S216 and S226. 

Fig. 5 shows an example of normal-driving torque map, and Fig. 6 shows an 
example of urban-driving torque map, while Fig. 7 shows an example of rural-driving 
torque map. hi each of these torque maps, a hatched region represents an output 
region of the motor 40, i.e., a region in which the torque is produced by the motor 40, 
and a non-hatched region represents an output region of the engine 30. At point ,f A n 
in the urban-driving torque map of Fig. 6, for example, the engine 30 is operated at an 
engine speed Na with torque Tl, while the motor 40 is operated with a torque 
obtained by subtracting torque Tl from torque T2. At point "B", the engine 30 is 
operated at an engine speed Nb with torque T2, while the motor 40 is operated with 
its torque set to "0". It will be understood by comparing the torque maps of Fig. 5 to 
Fig. 7 that in the urban-driving torque map, a relatively large torque is generated from 
the motor 40 when the engine speed Ne is in a low revolution-speed region, and that 
in the rural-driving torque map, a relatively large torque is generated from the motor 
40 when the engine speed Ne is in a high revolution-speed region. This difference 
arises from a difference between vehicle driving characteristics in an urban area and 
those in a rural area. As is understood from Fig. 5, the normal-driving torque map 
indicates intermediate characteristics between the urban-driving mode and the rural- 
driving mode. 

When the urban-driving torque map is selected, control operations for 
reducing the load of the engine 30 and increasing regenerative electric energy 
obtained by the motor 40 are also performed. More specifically, the load of the 
engine 30 is reduced by shifting a firing start point of the engine 30 to a higher level. 
While the engine 30 is normally started when the power requested by the driver is 



equal to or higher than a predetermined value, the engine starting point is raised (or 
delayed) by raising the firing start point in the manner as shown in Fig. 8 by way of 
example. The firing start point of the engine 30 is set to point n C" in Fig. 8 when the 
normal-driving torque map or rural-driving torque map is selected. When the urban- 
driving torque map is selected, on the other hand, the firing start point is set to point 
"D" in Fig. 8. It is to be noted that power, which is represented by the product of the 
torque T and the rotation speed of the drive shaft Nd, is greater at point "D" than at 
point M C". When the urban-driving torque map is selected, the engine 30 starts firing 
at point "D" that provides larger power than point "C". Thus, the engine 30 does not 
start operating until relatively large power is required. Consequently, the load of the 
engine 30 is reduced. Furthermore, the quantity of regenerative electric energy from 
the motor 40 is increased by increasing regenerative braking force generated by the 
motor 40 when the brake pedal is depressed. 

Referring back to the power control routine shown in Fig. 2, when the 
selection of the torque map is accomplished in step SI 12, the control flow proceeds to 
step SI 20 to set respective outputs of the engine 30 and the motor 40 on the basis of 
the selected torque map, motor speed Nm, and the torque T. For instance, when the 
urban-driving torque map is selected, and point "A" as shown in Fig. 6 indicates the 
current relationship between the motor speed Nm and the torque T, the output of the 
engine 30 is set to a level that is determined by the engine speed Na and torque Tl , 
and the output of the motor 40 is set to a level that is determined by the current motor 
speed and a torque obtained by subtracting torque Tl from torque T2. When point 
"B" as shown in Fig. 6 indicates the current relationship between the motor speed Nm 
and the torque T, the output of the engine 30 is set to a level determined by the engine 
speed Nb and torque T2, while the output of the motor 40 is set to zero. 

When the outputs of the engine 30 and the motor 40 are set as described 
above, the control flow advances to step S122 to control the engine 30 and the motor 
40 so that the outputs set in step S120 are generated from the engine 30 and the motor 
40. After step S122, the routine is then finished. In step S122, the engine 30 is 
controlled by the engine ECU 36 that receives a signal representing the output of the 
engine 30 from the electronic control unit 60 through communication, and the motor 
40 is controlled by the motor ECU 48 that receives a signal representing the output of 
the motor 40 from the electronic control unit 60 through communication. 
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Referring back to Fig. 2 and the process when it is determined in step SI 10 
that the dash switch 76 is ON, the control flow proceeds to step SI 14 to read a dash 
flag FD, and then proceeds to step SI 16 to determine the value of the dash flag FD. 
The dash flag FD is set by a dash determining sub-routine as illustrated in Fig. 9 by 
way of example, which will be hereinafter described. The dash determining sub- 
routine is executed repeatedly by the CPU 62 of the electronic control unit 60 at 
predetermined time intervals (e.g., every 8 msec.), immediately after the operation of 
the power output apparatus 20 of the embodiment is started. 

Upon execution of the dash determining sub-routine, the CPU 62 of the 
electronic control circuit 60 executes step S300 to read the operating state or 
conditions of the motor 40. The operating conditions of the motor 40 include a motor 
speed Nm detected by the motor speed sensor 47, a motor temperature detected by the 
temperature sensor 49, electric current applied to the motor 40, and so forth. Step 
S302 is then executed to determine whether the vehicle is able to dash from the 
current operating state of the motor 40 read in step S300. More specifically, it is 
determined whether the motor 40 is able to generate output that is greater than the 
rated output. In general, an electric motor has a predetermined rated output, and is 
normally controlled to generate output that is equal to or less than the rated output. It 
is, however, possible to drive the motor with sufficient durability to generate output 
greater than the rated output provided that the driving of the motor in this mode is 
limited to a short period of time. Fig. 10 shows an example of the relationship 
between the rated output of the motor and the output that exceeds the rated output 
only for a short period of time. In the graph of Fig. 10, characteristic curve "E" 
represents the rated output, while characteristic curve "F" represents output which is 
greater than the rated power and which the motor is able to generate with sufficient 
durability only for a short period of time. It should be noted that the output in excess 
of the rated output and the period during which the motor can generate the output are 
determined depending upon the type of the motor in use. 

If step S302 determines that the motor 40 is in an operating state that permits 
the vehicle to dash, the control flow proceeds to step S304 to check if a predetermined 
period of time has passed since the vehicle last performed a dashed operation. If it is 
determined that the predetermined time has passed, the control flow proceeds to step 
S306 to set the dash flag FD to "1", and then continues to step S308 to turn ON the 
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dash indicator 82. After step S308, the routine is then terminated. With this 
arrangement, the driver can determine whether the vehicle is able to dash, depending 
upon whether the dash indicator 82 is ON or OFF, and operate the dash switch 76 
based on the determination. In this control routine, whether the predetermined time 
has passed since the last dash of the vehicle is determined in order to prevent the 
output of the motor 40 from frequently exceeding the rated output even if the 
operating state of the motor 40 permits the vehicle to dash. 

When step S302 determines that the motor 40 is not in an operating state that 
permits the vehicle to dash, or step S304 determines that the predetermined period of 
time has not yet passed, the control flow proceeds to step S3 10 to set the dash flag FD 
to "0". The control flow further proceeds to step S3 12 to turn off the dash indicator 
82, and the control routine is finished. 

Referring back to the power control routine shown in Fig. 2, when it is 
determined in step S116 that the dash flag FD is set to "1", the control flow goes to 
step S 11 8 to select an appropriate dash-mode torque map. Fig. 11 illustrates one 
example of a dash-mode urban-driving torque map, in which the broken line indicates 
the upper limit of the output of the motor 40 in the ordinary urban-driving torque map. 
As shown in Fig. 11, an extra region is added to the output region (hatched area) of 
the motor 40 of the urban-driving torque map. The extra region is set within a range 
in which the motor 40 can generate output exceeding its rated output only for a short 
period of time. A suitable dash-mode torque map is established by superposing an 
extra region on the torque map that is selected at the time when the dash switch 76 is 
turned ON. Namely, if the urban-driving torque map has been selected and the dash 
switch 76 is turned ON, the dash-mode urban-driving torque map as shown in Fig. 1 1 
is selected. If the normal-driving torque map has been selected and the dash switch 
76 is turned ON, a dash-mode normal-driving torque map (not shown) is selected in 
which an extra region is added to the motor output region of the normal-driving 
torque map. Likewise, if the rural-driving torque map has been selected and the dash 
switch 76 is turned ON, a dash-mode rural-driving torque map (not shown) is selected 
in which an extra region is added to the motor output region of the rural-driving 
torque map. 

After selecting an appropriate dash-mode torque map in step SI 18, the 
control flow proceeds to step SI 20 to set the output of the engine 30 and the output of 
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the motor 40 on the basis of the selected dash-mode torque map, the motor speed Nm, 
and the torque T. In step S122, the engine 30 and the motor 40 are controlled to 
generate the outputs determined in step S120. The power control routine is then 
finished. Even if step SI 10 determines that the dash switch 76 is ON, it is determined 
that the vehicle is not able to dash when the dash flag FD is equal to "0" ("NO" is 
obtained in step SI 16). In this case, the control flow proceeds to step SI 12 to select a 
torque map from ordinary normal-driving, urban-driving and rural-driving torque 
maps. Subsequently, step SI 20 is executed to set the respective outputs of the engine 
30 and the motor 40, and step S122 is executed to control the engine 30 and the motor 
40 based on the outputs set in step S122. The power control routine is then finished. 

The power output apparatus 20 of the above-described embodiment is 
capable of generating power in accordance with a driving mode that is desired by the 
driver. Further, the power output apparatus 20 permits the motor 40 to generate an 
output that exceeds the rated output, but only for a limited short period of time. 
Consequently, the driveability of the vehicle can be improved. In addition, the power 
output apparatus 20 of the above embodiment is able to reduce the load of the engine 
30 or increase the quantity of electric energy regenerated by the motor 40 when the 
urban-driving torque map is selected, thus assuring improved energy efficiency. 

In the illustrated embodiment, the power output apparatus 20 is adapted to 
select a suitable driving mode of the vehicle from the normal-driving mode, the 
urban-driving mode and rural-driving mode. However, the power output apparatus of 
the invention is not limited to this and may be adapted to select a suitable driving 
mode, such as four or more different modes, or one or two modes. While a desired 
driving mode is selected from the driving modes stored in advance in the ROM 64 in 
the power output apparatus 20 of the illustrated embodiment, the driver or vehicle 
operator may be allowed to enter and register one or more driving modes as they 
wish, and select one from the driving modes thus registered. 

According to the power output apparatus 20 of the present embodiment, the 
currently selected driving mode is visually indicated on the display panel 80. The 
currently selected mode may also be notified by means of a voice announcing system, 
or a suitable indicator that is to be turned on when the corresponding mode is selected. 

While the motor 40 can be driven to provide the output exceeding the rated 
output when the dash switch 76 is turned on in the power output apparatus 20 of the 
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illustrated embodiment, the motor 40 may be driven within the range of the rated 
output. In the power output device 20 of the illustrated embodiment, the selection of 
the dash-mode torque map is allowed upon or after a lapse of a predetermined period 
of time from the termination of the last dash of the vehicle. However, the torque map 
5 may be selected without taking account of the time elapsed after the last dash. 

During running of the vehicle according to the urban-driving torque map in 
the illustrated embodiment, the power output apparatus 20 performs controls for 
decreasing the load of the engine 30 and for increasing the amount of regenerative 
electric energy obtained by the motor 40. However, the invention may also be applied 

10 to a power output apparatus that performs only one or neither of these control 
operations when the urban-driving mode is being selected. 

In the power output apparatus 20 of the illustrated embodiment, the output 
values of the engine 30 and the motor 40 are respectively set according to a selected 
torque map in which the output region of the engine 30 and that of the motor 40 are 

15 set or defined. Alternatively, the torque map may be designed to define only the 

relationship between the motor speed and the maximum torque without including the 
output regions of the engine 30 and the motor 40, and the outputs of the engine 30 and 
the motor 40 may be set according to this torque map in view of the efficiencies of the 
engine 30 and motor 40, so as to maximize the overall efficiency of the power output 

20 apparatus. In this case, since the efficiency of the engine 30 is normally lower than 
that of the motor 40, the operating point of the engine 30 may be set so as to assure 
high efficiency of the engine 30 while adjusting the torque by means of the motor 40 
so as to achieve a desired overall torque. In this manner, the energy efficiency of the 
apparatus as a whole can be further improved. 

25 In the power output apparatus 20 of the illustrated embodiment, the torque 

map is set in accordance with the relationship between the motor speed Nm and the 
torque of the rotary shaft 42. It is, however, possible to set the torque map in 
accordance with the relationship between the rotation speed of the drive shaft Nd and 
the torque of the drive shaft 54. 

30 In the power output apparatus 20 of the illustrated embodiment, the rotary 

shaft 42 of the motor 40 is connected to the engine 30 via the clutch 38, and is also 
connected to the drive shaft 54 via the automatic transmission 50. The power output 
apparatus of the invention may otherwise be provided without including, for example, 
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the engine 30 or the automatic transmission 50. Further, the motor 40 may be directly 
connected to the drive shaft 54. Moreover, the motor 40 and the engine 30 may be 
electrically connected, or may be mechanically connected by means such as a 
planetary gear mechanism. 

While the presently preferred embodiment of this invention has been 
described in detail for the illustrative purpose only, it is to be understood that the 
invention is not limited to the details of the illustrated embodiment, but may be 
otherwise embodied with various changes, modifications or improvements, without 
departing from the spirit and scope of the invention. 



